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Abstract 
 
From the western to southern part of Pangkajene area, a 
number of rising topography are shown on plain 
morphology in the Walanae Depression. This topography 
anomaly in the surrouding plain morphology which 
composed of volcanic products is interpreted as lava 
domes. This study aims to identify morphology and 
lithology of the lava domes in Pangkajene caldera. Based 
on field data, and analyses of topographic map and SRTM 
image, it is defined that geomorphological units of the 
Pangkajene Paleovolcanic consist of: 1) Pyroclastic 
mountains, 2) Lava-flow hills, 3) Lava domes, and 4) 
Alluvial plain. The lava domes lining in form of cone-shape 
hills from northwest to southwest. Geomorphological 
process developed is denudation which indicated by the 
irregular surface of the domes. Lithology of the lava domes 
include andesitic lava (Bulu Loa) and trachytic lava (Bulu 
Allakuang, Bulu Batulappa and Bulu Watangpulu). In some 
places among the trachytic lava domes, volcanic necks are 
exposed which intrude ignimbrites such as at Bulu 
Tinebbang, Bulu Kunyi and Bulu Batualong. Petrographic 
analysis on trachyte indicates porphyritic and trachytic 
textures which consists of feldspar phenocrysts (oligoclase, 
orthoclase, sanidine) biotite and hornblende; and 
groundmass (glass and feldspar microlites). The formation 
of the lava domes is in the latest phase of the volcanic 
eruption in Pangkajene caldera. It is interpreted that after 
the collapse of the caldera, the  volcanic necks then 
exposed, and eruption in the opening spaces subsequently 
formed the andesitic and trachytic lava domes. 
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Abstrak 
 
Pada daerah Pangkajene bagian Barat hingga Selatan 
terlihat tonjolan-tonjolan yang menempati morfologi 
pedataran dalam depresi Walanae. Anomali topografi di 
daerah pedataran yang tersusun oleh produk vulkanik 
diduga sebagai kubah lava. Penelitian ini bertujuan untuk 
mengidentifikasi morfologi dan litologi kubah-kubah lava 
pada kaldera Pangkajene. Berdasarkan penelitian 
lapangan, analisis peta topografi dan analisis citra SRTM 
maka satuan geomorfologi Paleovulkanik Pangkajene 
terbagi empat yaitu 1) Pengunungan Piroklastik, 2) 
Perbukitan Aliran Lava, 3) Kubah Lava, 4) Pedataran 
Alluvial. Kubah lava  membentuk bukit-bukit  kerucut dan 
berjejer dari Baratlaut ke Tenggara. Proses geomorfologi 
yang berkembang adalah denudasi yang ditandai dengan 
bentuk permukaan kubah yang tidak teratur. Litologi kubah 
lava tersusun oleh lava andesitik (Bulu Loa) dan lava 
trakitik (Bulu Allakuang, Bulu Batulappa dan Bulu 
Watangpulu). Di antara kubah lava trakitik terdapat 
terdapat leher vulkanik (volcanic neck) yang menerobos 
ignimbrite seperti pada Bulu Tinebbang, Bulukunyi dan 
Bulu Batualong. Analisis petrografis batuan trakit 
memperlihatkan tekstur porfiritik dan trakitik yang 
tersusun oleh fenokris feldspar (oligoklas, ortoklas, 
sanidin) biotit dan hornblende; dan massadasar (gelas dan 
mikrolit feldspar). Pembentukan kubah lava merupakan 
fase akhir aktifitas erupsi gunungapi di daerah kaldera 
Pangkajene. Diinterpretasikan bahwa setelah peristiwa 
runtuhnya kaldera, tersingkap  volcanic neck  dan 
terjadinya erupsi  pada celah-celah retakan membentuk 
kubah-kubah lava andesitik dan trakitik. 
 
Kata Kunci : Kaldera Pangkajene, kubah lava, leher 
vulkanik, Sulawesi Selatan 
 
 
Introduction 
 
 According to the Geological Map of the Pangkajene 
and Western Part of Watampone Quadrangles, Sulawesi 
(Sukamto, 1982) and the Geological Map of the Majene 
and the Western Part of Palopo Sheets, Sulawesi (Djuri et 
al., 1998), the Pangkajene area is arranged by the Lava 
Member of the Pare-Pare Volcanics (Tppl).  Lithologic 
units the Pare-Pare Volcanics consist of lapilli tuff and 
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volcanic breccia with trachytic-andesitic interbedded lava 
in places (Sukamto, 1982).  
 The Tertiary Pare-pare Volcanics is widely 
distributed in Pare-pare, Barru and Sidrap, and has a typical 
characteristic by the occurences of pumice and  ignimbrite 
(Kaharuddin, 2009; Sirajuddin et al., 2011). The volcanics 
is shoshonitic in affinity (Yuwono, 1990; Priadi et al., 
1994) and generated during a post-subduction event.  Based 
on field observations, it is strongly inferred that the 
eruption centre of the Tertiary Pare-pare Volcanics is 
located in two areas; Lumpue-Parepare and Pangkajene-
Sidenreng Rappang. Volcanic feature that is interested to 
be reviewed its vocanic aspect is a caldera in the 
southwestern part of the Pangkajene City, known as 
Pangkajene Caldera (Kaharuddin, 2009; Sirajuddin et al., 
2011). Determination of eruption centre based on study of 
features of a Tertiary volcanic caldera is interesting, 
because they are generally deformed by tectonics or 
structures which made the caldera is not intact or complete 
anymore. 
 This study of lava domes is a part of a more 
complete research of Pangkajene Caldera characteristics 
which focused on morphological analysis the vocanic 
products combined with lithological characteristics of its 
lava domes and volcanic necks. Results of this study, 
particularly information of lava domes distribution can be 
used to develop studies of volcanics in Sulawesi including 
its application in exploration of economic mineral deposits 
in the area.  
 
 
Methods 
 
This study applies a combination of deductive and 
inductive methods by analyzing hypotheses based on 
previous studies and volcanological concepts; data were 
analyzed to construct a conclusion. Data collection were 
conducted by observations of morphological and 
lithological characteristics in the field, analysis of SRTM 
(Shuttle Radar Topography Mission) images, and 
petrographic study. The whole data were then 
comprehensively analyzed using inductive method by 
finding evidences in the field, defining geomorphological 
units which supported by mineral compositions and rock 
textures based on petrographic study.  
 
 
Result and Discussion 
Geomorphology of Pangkajene Paleovolcanics 
 Pangkajene Paleovocanics is situated in the Western 
and Southern part of Pangkajene area, forming a mountains 
and plain morphology.  The mountains is including in the 
mountain-range of Eastern Pare-pare and Panca Lautang 
area. Whereas the plain morphology is including in the 
Western part of the Walanae Depression Zone. Genetically, 
the morphology was formed as a result of Neogene 
volcanic activity and influenced by the Walanae Major 
Fault, so the geomorphological classification in this study 
is based on the endogene and exogene force-effects 
(Thornbury, 1969). Geomorphological units of the 
Pangkajene Paleovocanics is divided in four, namely:  
Pyroclastic Mountains, Lava-flow Hills, Lava Domes, and 
Alluvial Plain (Figure 1).  
  
 
 
 The Pyroclastic Mountains is extendedly distributed 
in the west, in form of steeply mountains and hills. Its 
lithological units include intercalations of  pyroclastics, 
lava flow, and syenite dykes and stock as parasite volcanic 
cones. Its border with the Lava-flow Hills unit shows a 
topographic terraces which indicates a former steep 
mountain-side of caldera. Denudations and faults caused 
valleys in this geomorphological unit are dominated by “V” 
and “U” profiles. Natural pyramid cones are lining from 
Southeast to Northwest forming the Lava Domes unit 
(Figure 2a). Bulu Allakuang lava dome is ±625 m x 300 m 
in dimension and 124 m in elevation, forming a recumbent 
columnar jointing (Figure 2b). Dimension and elevation of 
each lava dome in this unit is as follow: Bulu Batulappa 
±1250 m x 850 m and 174 m; Bulu Watangpulu ±675 m x 
250 m and 125 m; Bulu Batualong ±150 m x 175 m and 
202 m, Bulu Tinnebbang ±625 m x 300 m and 111 m; and 
Bulu Kunyi  ±200 m x 150 and ±157 m (Figure 2c, 2d, 2e, 
2f, 2g, 2h). 
 
Figure 1. Geomorphological Map of Pangkajene Area 
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A lava dome is formed from effusive of a high-viscocity 
trachytic magma in a volcanic pipe. The high viscocity of 
the magma making it unable to flow rapidly, which in 
result forming a circular dome such as at Bulu Batulappa, 
Bulu Allakuang. 
 
 
 
Lava Domes Unit 
 
 The lava domes unit in Pangkajene Caldera is 
composed of trachyte and andesite.  Trachyte arranges the 
Bulu Allakuang, Bulu Batulappa and Bulu Watangpulu 
lava domes, as well as Bulu Batualong, Bulu Tinebang and 
Bulu Kunyi volcanic necks.  
 Trachyte is greyish white in color and yellowish 
brown when weathered. The trachytic lava-flow generally 
form pentagonal- and hexagonal collumnar structures with 
a vary size, at Bulu Allakuang and Bulu Batulappa. 
Sheeting joint also showed at Bulu Batulappa (Figure 3a) 
which related to differentiation and degassing during 
freezing of the flow (Nemeth et al., 2007). Mineral 
composition includes phenocrysts sanidine (15 – 40%), 
oligoclase (5 – 10%) and biotite (5 – 15%); groundmass 
consists of feldspar microlites and glass; forming 
pophyritic and semi-trachytic textures (Figure 3b). The 
phenocrysts are 0.1 to 0.4 mm in size and euhedral to 
subhedral in shape, indicating that the sample is from the 
peripheral side of the dome. Parts of structure are vesicular 
and amygdaloidal which filled by quartz (Figure 3c). 
Contacts of the trachyte lava with sandstone unit was 
recognized from backing effect in the sandstone and 
occurrence of gypsum veins of volcanic-evaporite deposit. 
The contacts with limestone unit is in part showing a color 
changing to black, massive, and contains limonite.  
 Volcanic product at Bulu Batualong, Bulu 
Tinebbang and Bulu Kunyi is volcanic neck of trachyte. 
The texture is porphyro-aphanitic, the structure is massive 
and parts vesicle. Ignimbrite partly covers the volcanic 
neck of Bulu Kunyi. Microscopic view of the trachyte 
showed porphyritic texture with phenocrysts of orthoclase 
(25%), plagioclase (15%), hornblende (10%), biotite (5%) 
and sanidine (5%); glass groundmass (30%). The size of 
minerals of the volcanic necks are generally coarser than in 
the lava domes; 0.3 to 2.0 mm. In thin section of rock 
sample from Bulu Batualong, olivine xenocryst were 
identified (Figure 3d). Indication of hydrothermal alteration 
in form of argillic were identified in the lower part of the 
lava dome (Figure 3e). 
Andesite arranges the lava dome at Bululoa; field 
description indicates grey to dark-grey color, porphyritic 
(hornblende and plagioclase phenocrysts) texture, and 
massive structure. Petrographic analysis indicates 
compositions of plagioclase (3 to 25%), hornblende (5 to 
10%), pyroxene (5 to 15%), biotite (5 to 7%) as 
phenocrysts, and feldspar microlites groundmass (25 to 
50%) (Figure 3f). 
 
Figure 3. (a) Sheeting joint at Bulu Batulappa; (b) 
Photomicroscopic: semi-trachytic texture of porphyritic 
trachyte; (c) Photomicroscopic:  vesicular and 
amygdaloidal structures filled by quartz; (d) 
Photomicroscopic: olivine xenocrysts in trachyte; (e) 
argillic alteration in lava dome; (f) Photomicroscopic: 
porphyritic andesite of Bululoa lava dome. 
 
 Magma responsible for the formation of Pangkajene 
Volcanics is trachytic in composition which flowed in the 
crater forming lava domes, and at the lower part forming 
volcanic necks. Morphological features of the lava domes 
are bigger than the volcanic necks. This trachyte unit is 
distributed in the inner part of the caldera (eruption centre) 
in form of flow as a product of effusive of trachytic lava, 
subsequently after a huge eruption of pyroclastics.  
 Structures of igneous rocks are generally vesicular 
indicating a high-volatile magma source, and the structure 
are also layers which indicates a stages of melting in a 
 
  
Figure 2.(a) Morphology of lava domes in the Walanae 
Depression; (b) Bulu Allakuang lava dome; (c) Batulappa 
lava dome; (d) Bulu Watangpulu lava dome; (e) Bulu Loa 
lava dome; (f) Bulu Batualong volcanic neck; (g) Bulu 
Tinebang volcanic neck; (h) Bulukunyi volcanic neck. 
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relatively stable condition of differentiation and degassing. 
The presence of xenolith and xenocryst identified in 
petrographic analysis indicates a mixing of lava and 
pyroclastics which may produce ignimbrite.  
 The occurences of pseudo-layer and collumnar 
jointing in the trachyte unit indicate a sudden cooling of 
magma in the lava dome, an internal contraction took place 
in the lava, forming a structure that perpendicular to the 
surface of cooling. Such condition supporting an 
interpretation that the trachyte unit was formed in the latest 
stage of the effusive Pangkajene eruption. The collapse of 
the caldera causing pressure in magma chamber increase to 
push the magma rise up to the surface through fractures and 
eventually forming lava dome and volcanic neck.  
 It seems that the Pare-pare Volcanics which is 
widely distributed in Sidrap, Barru and Pinrang area 
(Sukamto, 1982) have to be divided into two volcanic 
formations namely Pare-pare Volcanics in the west with 
eruption centre in Lumpue area, and Pangkajene Volcanics 
in the east which sourced from the Pangkajene Caldera. In 
addition, in the eruption centre area, pyroclastic rocks 
which composed of multi-size components and bounded by 
lava, that is known as ignimbrite, also arrange the 
Pangkajene Caldera.  
 
 
Conclusions 
 The lava domes unit is composed by trachytic lava at  
Bulu Allakuang, Bulu Batulappa and Bulu Watangpulu; 
whereas andesitic lava arranges Bulu Loa. 
 Trachytic lava arranges the volcanic neck at Bulu 
Tinebbang, Bulu Kunyi and Bulu Batualong. 
 The trachyte is porphyritic and trachytic in textures and 
composed by phenocrysts of oligoclase, orthoclase, 
sanidine, biotite and hornblende; and groundmasses of 
glass and feldspar microlites.  
 The lava domes in Pangkajene Caldera was formed in 
latest stage of the effusive eruption. 
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